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ABSTUACT 


Under NASA Grant NSG 1156 a tunable dye Inacr suitable for 
differential absorption (DIAL) measureinenta of water vapor in the 
troposphere was constructed. A multi-pass absorption cell for 
calibration was also constructed, and both instruments were 
transported to NASA-LaRG for use in an atouispheric DIAL measurement 
of water vapor, 'ilie eloctronics,' telescope, and photo-detectors 
for the H,0 lidar were constructed by NASA-LaRC personnel. 

This final report under NSG 1156 emphasiaos the main Maryland 
effort, namely tlie tunable dye laser and the calibrating absorption 
cell . 
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I. INTRODUCTION 


The purposea o£ this report are (1) to describe the tunable dye ' 
laser constructed for the University of Miiryland - HASA:LnRG water 
vapor Ildar, (2) to serve as an operating tmnunl for that laser, and 
(3) to describe a large aperture, miltlpass absorption ceil for 
calibrating laser absorption by known niaounts of water vapor. 

The laser described here is a tunable dye laser operating in the 

near infrared and pumped by a giant-pulse ruby laser. The output 

vjavelcngth can be varied from 715 to 740 nm with the present optical 

elements and dye solution. However, this range can be extended 

as far as 1000 nm by an appropriaLe variation of dye, output mirror 

and etalon. The conversion efficiency of ruby pump light into tunable 

dye laser output is 5% wltli an upper limit (>f 30 mj set by the threshold 

of grating damage. The spectral width (FIVILM) is .01 nm and the beam 

divergence loss than 3 mr. It is assumed tliatthc temporal behavior 

of the dye laser output follows tlic ruby pump beliavior, Tlie spectral 

outi>ut is a discrete spectrum consisting of linos separated by the 

mode spacing of the laser cavity which is Av = 1/2L = 10 cm 

-4 

corresponding to 5 x 10 nm. The layout is showi^ schematically in 
Figure 1 and discussed in detail in Section II. 

The dye laser cavity itself eonsists of a dye cell, an output 
mirror, an eeliclle grating used as a dispersive rear reflector, and 
an intra-cavity etalon. Associated with the cavity is a dye circulating 
system and reservoir, along wltli bcnm-liandling optics for the ruby laser 



pump beam. Componenta whidi lira in coiiLaci with the dye nre reatrlctcd 

to stainless steel, glass and polyethylene, with 0~irlnB seals of Teflon 

or ethylene-propyJena, The individual comptutinUa are discussed in more 

* »■ 

detail in subsequent sections. 

The degree of tuning of each laser pul;jc to the water vapor 
absorption lines used in the lidar application can be determin'ed by 
passing a portion of the laser light tiirongh an absorption cell containing 
a known amount of water vapor, A long cell for this purpose was constructed 
by Maryland personnel, partly in College Park and partly at LnRC, and 
installed under the laser table in lildg. 1271 at LaRC. The cell has 
been used to measure H 2 O line profiles ns the laser is tuned, and for 
extensive direct measurements of "on-line." absorption in the Ildar mode. 
Optical and electronic characteristics of tlie cell and detectors arc 
described in Section VH., 





1 1 . ASSKMjU.Y ANU AUU:M^!liN j; _ 

A . AllRnins the Dyo l aoo.i’ J3av U 

» 

The dye laGei* cavity, diaAranmicd In i'lj’.urc I, connlsta of a 
dye cell, a from. vonccLof, an oclnjIJc j-rathiR, and a f Ixod-spnclnj; 
Fabry-l’crot etalon. These components are mminLctl eii a dovetail track 
which establlches the optical axla of the laser. Tu addition, a circu- 
lating pump and dye rosurviilr are connectoil to the dye cell, maintaining 
a continuous flow of dye solution through tlie cell. 

The first step in aligning the. dye laser cavity is the deflni- 
tioii of e lasing axis. Thiw in conveniently done hy setting up a helium- 
neon laser so that its beam travels along ‘lie desired cavity axis. In 
order to accomodate the height.*? of the varlou ; l.isi r epinponcnts, this 
axis muot be set at a height 5 1/2" above the Iiroadboard surface. 

Ojjce the axis hnu beem derined, Llii.< dovetail laser track must 
be oriented parallel to and roughly centered belov the helium-neon beam. 

A pinhole mounted on a piece of dovetail saddle Is Iiclpful for this 
step. Slide the pinhole up and down the track, repositioning the track 
until the beam hits the plnliole at both ends of Liu* track. The track 
is now aligned and should be clamped to the breadboard. 

Integration of the dye cell into the system requires that the 
cell first be filled with clear dye solvent. Since the dye solvent DMSO 
has an index of refraction comparable to that of glass, the dye-filled 
cell will translate the laser axis horizontally. 'The dye cell is wedged 
by 30 ' so that the beam is also deflected in angle. Clear DMSO must be 
used in alignment to view tills displacement since the dye solution will 
not transmit the hellum-ncsm beam. (Uamp Lite fUled dye cell to tlie 
laser track and, If necessary, translate the cell oldoways until the 
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hellura-ncon beam pasaus ayni!!Uit;r.liMl I y Lliroiiy.li lL‘5 Aa shown in 

Figure 2, the beam nhoiilc! enter ;i id lixlt thi' con .thont 1 rni from the 
window edges . , 

Clamp the output reliuctoi* imnmt onti) tlu* optical track at a 
distance of about 30 cm from the dye cell, Ur.iiuilatfng sideways if 
necessary to bring tlie hei lum-ntum beam througli tin* center of the mirror 
aperture. Position tlie mirror In the mount wLtii its refLoctinp surface 
facing the cavity and rotate the Allen W'rencii ok ts-adjustment screws 
to return the reflection from the mli'rored surface Into the hcltum-iicon 
laser. 


Attach the grating mount to tlio track a( a distance of about 
10 cm behind the dye cell and clamp the grating into its holder by 
tightening the two nylon setscrews, making mire j>iMting blafie direction 
Is correct. If necessary, translate the mount sideways to center the 
helium-neon spot tlie grating,. At Uila point sevei.il relected diffraction 
orders of the helium-neon beam should be visible. Adjust the aximutli 
and pitch mlcromerers to bring the g,ratlng into Llttrow with one of the 
diffracted beams returning to the heLium-neon laser. Next manipulate 
the pitch micrometer to bring an adj.iccnt diffracted beam into Llttrow. 

If this cannot be done by moving, the pitch screw nlone, the grating clamp 
must be rotated about the laser axis to bring the g,ratlng rulings paral- 
lel with the pitch axis. Tills will be the case when Llttrow configura- 
tions can be selected for adjacent orders by a single pitch adjustment, 

i 

assuring that* the cavity will remain In alignment as the wavelength 
is tuned. 


Insert the etalon and its mount Into the cavity, between the dye 

cell and output reflector, .idjusting the sldcw.iys travel if necessary. 

155 IS 
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Adjust the ai:iimttli and pitch iilcroiiioLcrb’ to hrinp, the otaion nornwi to 
the Inner axin. Ah UUh 1b done, .UL tlie ;inilt!ple liolium-neon return 
beams will converge 'iiui return into the helium luvm Inaer. Oncu this 

* f 

alignment lias been made, brvck oft one full tiun (50 small units) of 
the azimuth micrometer. This brlni’u the ctalon one free «pcctnii 
range away from tiu> axis normal and preventi: l.itslng between the etaloii 
surfaces and the grating. It Is suggested that an iris diaphragm be 
inserted Into the cavity adjacent to the ftnlon to limit the croas- 
soctlonal lasing area to the center centimeter of the etalon plates. 

At thiu stage tlie laser is aligned for a : ei ies of wavelengths including 

0 q 

6328 A. With DTDO and DMSO the laser will Inse at approximately 7263 A. 

O 

Tuning onto 72^3 A fs discussed In Section Vf. 
r . Alignment of Pu mp B ea m 

The dye laser re<|Uires a pumping lieaii from a glant-puisc ruby 
laser. The pump puJso energy should be adjuslable from 0.3 to 0.7 Joule 
with a beam diameter of one centimeter. It is extremely desirable that 
the ruby beam have a "clean" mode .structure to ensure even pumping of the 
dye. In this respect it may be advisable to operate tlie ruby laser at 
a higher pulse energy region where the lasing ts more uniform, and tlien 
attenuate the output beam to the proper level. In addition, it is note- 
worthy that the dye laser output Is polarized, and that this polarization 
is parallel to the grooves of the diffracllon ]■, rating. Since ilie dye 
laser cavity eflLclency is optimized for a polarization in the plane of 
the table, the ruby la.ser polarization shruihl be 'fixed in this horizontal 
plane for thl.s i>articulnr dye. 

As indicated in Figure 3, tlie ruby ianer beam is directed into 
tlie dye cell by two 100% reflectors. In poi.i L lonJ.ng these mirrors, it 
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la helpful to do n pro.l^mlnni’y nUp,n.t'<?iiC u;Unfi a liol luiii-netm laacr placed 
colllnpav with the ruby laacr okIh. A more prc<'bu' aU}?iimcnt can 

f 

then be made by using the ruby beam to burn cr:p«iju’<l I'nlaroid film 
placed at varlouu posltloiia along the path lo Hu* ilye cull. 

The point at which tlje ruby hc.an cntcis tin? dye cell should 
be adjuated to nearly colnr;l»lo with tlio point whiTi- tlui dyu In.sor axis 
enters the cell. This Is nccompllchcd by using the liolium-neon align- 
ment laser as an indication of the dye. laser .ixljj v hen a Polaroid burn 
pattern la taken at tlie dye cell window. A-; ulunm In (figure <' 4 , the 
burn center should lie allghtly (2-'Jitiii) dlsplatctl I rom the iiuiLiim-neon 
spot. The displacement 1 « Hueli that the purp beam rco.sscs the dye lasor 
axis within the dye. 

To prevent damage to the laser optic.s, two special considerations 
should be made in this alignment proei*ss. Ifirst, care should be taken 
to center the ruby beam on the lOOX reflectors .sufficiently well to avoid 
burning the .anodizing of the mirror mounts , Second, whenever Polaroid 
burns are used as .1 diagnostic tool, the optics in the vicinity should 
be blown with dry air to remove the du.st and smoke particles w'hich In- 
evitably result. This Is especially Important since axty dirt particlca 
on Che optical surfaces can act- ns ah iorbei'S for the In.ser light aiul may 
thus cause damage to the optical coatings. 

T tl . DYE P AHilMETE RS 

Tlic dye used for tills applieatlon was selected from the family 

4 

of cyanine dye.s which opan the near inlrnrcul in tiieir capacity as laser 

dyes. Our selection is Kodak //7663, known as DTPC, short for 3-Etliyl- 

2-(5-(3-cthyl“2-banzothi.nzollnylJ dene.)-l , T-pentaflienyl | benzothiazolium 

0 

Iodide, (M. W. 518.48) jind lu useful over a range of 7150-7400 A. We. 
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have found dlnictl»y] mili oxide (DMKO) lo he the n""'t elfioitMit aolvcnt 
for Uhls applJciicion. ]ii our partlnil.'ir roj’.iin of iiucrost, 7200- 

0 r 

7300 A, the efficiency curve of thit; dye In Dhso 1 i nonrly flat. We 
have found it uaeful to iitore tliin d>f' In a M Ktock solution con- 

elating of 260 mg of DTI»C disnolved in 500 ml of OM.SO. An operating 
strength solution is prepared by mixing 75 ml of t!ic stock solution 
with 500 ml of DMSO. 

The.re ia a maikod deterioration of llie dve solutions when they 
ore exposed to fluorescent room lights for an extenlcd period of time. 

To prevent this phoLodej'radntion the klye soUilIims should he stored in 
a dark place in amber gJass bottles, in nddlLltui, the dye lines .should 
be shielded from room liglit. 

The biological pi'Ope.rt ten of DTiH* arc not well studied hut 
in sufficient dosage It may well he toxlc^, Iho toxicity pr'oblem in 
liandllng dye solutions is complicated by tijo use of DMKO as .i solvent, 
since DMSO readily diffuses through the skin, carrying solute molecules 
with it, It is therefore important that any contact with dye solutions 
be avoided, and that gloves be worn ns a minimum precaution whenever 
dye solutions are handled. 

I V • DV E CIRCUUTIHO SYilTIlM 

The dye circulating system maintains a continuous flow of 
solution through the dye cell by mean > of a circulating pump, reservoir, 
and connecting tubing ns shown in figure 5. Thin c6n‘'.t.ant rncirculation 
of dye prevents the formation of tomporaturc gradient.^ in the cell, en- 
suring lasing of the dye. 

1. Kuea, Ur A., Lutty, 0. A„ lisser focus, '>5 (May, 1975). 
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Olvon Ihe clu'itiii’alXy ro.u L tvi* n.inu«' ol DM.SO, tliu* circui«tlti8 
BystGiQ is conutnu it'.l to i>liioo only nobHi^iiu'eM ioerL to UMSO In contact 
with tlie ilyc aolutijin* All nioLal pai'tf* an* torujtnictod pf atalnlos^< 
stool, with Bcalu miulo of oltlior ot olhvU'no-propylciie, The 

tubins Ufiod for dyo lines is made of polyethy I lmio* 

The pump is a Miero-lhimp model U’-^)0-3l6~761 gear pump witli 
oil induction motor, Tt Jncorporatos a 'il(i ntalnloss ateel body and 
shaft with Teflon gearo. The dye reservoir, ilao of stainless steel, 
lias n onc'-ilter capacity and can he sealed airtight to prevent the escape 
of WISO vapor. The dye lines are F^ast man I’oly-l'lo tubing, and 

stainless steel fittings are used t hroughoiit . 

V , OAltn ONS^ INVpltVj'il IN Ol’K ItATIDN OF DYE LASER 

The most singularly delicate component of the dye laser is 

thn ii-cncile grating, in that it !« not only easily damaged by careless 

handling, but it is {iul)Jeet to burn damage rroin excessive laser cavity 

energy. In this latter regard we have fouiul that ilie damage threshold 

corresponds to a dye laser output energy of .approximately 30 millijoules. 

Wlien one considers that the ahot-i o~sliot energy variation can be as niucFi 

as 30ri (and long-term drifts even greater), ft appears advisable that 

a "safe" upper limit for outpul energy be ! et below 30 millijoules. We 

have found that n value of 15 mill 1 joules !ta i resulted in no damage over 

several hotu*s of operating time. Tlie eneri'.y can bo neaHtircd directly with 

the Gen Tcc joulemeter and an oscilloscope. 

In order to restrict ttie dye laser piilse energy to safe limits, 

the. ruby pulse energy should he tu'Jd to less than 0.7 Joule. We have 

found that the beam;; from ruby lasers often exblliU an cadcairnblc mode 

structure at tlie.se low energies, and in order to clean up the beam it Is 
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necessary to operate* the ruby ai Itlpjier energy :iL*itln(*a. This 
problem la easily reaolved by Intiertlon of a 0.5 j’laaH nauLral density 
filter In the ruby beam, tlius alU)wJns opec.-ition of tlic ruby In o 

• r 

"cleon" energy region wlille limit lug Llie energy seen by tlic dye cell. 
Another approach is to use the full laser enerfsy with a more dilute dye 
solution. 

As noted in the sections covering laser alignment, the presence 
of dust or dirt on tlie laser optics can result In burn.s on the optics 
uiicn the laser is being operated, Tlierefoio tliese optics should be 
blown with dry air bo “’ore each operating .sos.sion and after malting 
any Polaroid burn patterns. As an .additional precaution the optics 
should be covered when not in use, 

A fiirtiier precaution involving both grating safety and output 
beam quality involves the angular sotting of the etalon, In the process 
of wavelength tuning, care must bo taken to avoid positioning the etalon 
normal to the dye laser axis, since lasing would then occur between the 
etalon sui faces and the grating. A good rule of thumb is to maintain the 
etalon at least one free, spectral range (50 small units, or one turn of 
the micrometer) away from normal. This still allows a useful working 
region of throe or four free spectral ranges. 

In regard to tlio dye circulating system, ;i few cautions are 
in order. As mentioned earilor, the elretilating pump must be running 
when tile dye laser Is being operated. It is also .'ulvisable to switch 
on tile pump a fev.' minutes before initially firing tiic laser, since 
this will give tiio solution in the linos a clmncc to roach thermal 
equilibrium with tlia dye in the reservoir, reducing thermal gradients 
in the dye which could give rise to laser Instability. 
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VI. FINE AUCNMr.NT AND WAVELENGTH-TUNING 


In Llie pi’ocess of optirilzlng boili the inognitudc and mode 

structure of the dye laser output, it is a nsuful exercise to observe 

# 

the output beam as I'liK' adjustments ore made in the grating azimuth ang'i-C. 
Tb'jrc are two convenient methods for nwkJng tliis adjustment. A rough 
alignment is fucilitated by measuring the output with a Joulemeter as 
the azimuth angle is stepped about its original setting. It la then 
useful to photograph the laser spot on a. target. By photographing the 
beam at several settings around the peak-energy point, the optimum 
Ejetting can bo selected as the one which produces the narrowest spot. 

The process of wavelength-tuning is accomplished by manipulation 
of both tile grating and the etalon. The dye molecules have a character- 

O 

istic lasing curve .ihout 150 A wide. The grating presents the cavity 

O 

a pass baud opproxiiiiatply lA wide, and the ct.alon in turn offers a 

O 0 

series of pass bandij of widtli 0.1 A and separ.itcd by about 1.2 A. A 
spectrum of the dye laser output will therefore consist of one or more 
etalon lines whlcli appear In a region determined by the grating pitch 
angle. 

To tune tlie cavity to a specific wavelength, first adjust the 
{^rating pitch such that Uie center of Its ptuES band is located approxi- 
mately at the wavelength of iuterest. The angular dispersion ~ for 

l> 

t:lie pitch controls is roughly 5 ^ A per turn of the rough pitch adjust- 

0 

ment screw and <1.87 A/iiim of tlie pitch miciomctor. This done, adjust 

I 

th.e etalon azraulh microiiieLor until one of tlio otalon pass bands is 
located exactly on the desired vjavelengtb . Tlus free spectral range of 
the etalon is 2,5 cm (1,2 A); its tmgular disipersLon is 3.3 A/mra 
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on the azimuth mlr.romutor . Finally, adjufit the grating pitch control 

to nwximizo tlie laning energy in Iho neleeted etalori mode and almultaneously 

« 

eliminate Inaing in all other mmlca. This; amounts to repositioning the 

r 

grating pass curve ao that its central peak exactly coincidea with the 
wavelength of the selected otalon mode. Iljla step Is accomplished by 
observing the intensity of the modes with a spectrograph. 
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VII. ^fULTIPAS S ABS ORPT ION nil.L 

» 

The use of an auxlllltiry cell Lo calibrate ooncentrnt,lon raeanure- 
mcnus to be carried out with tunable lld.u synLenn waa firot ouggeoted 
to one of the authors in a private communication from M. L. Wright 
of SRI in 1971. When G. B. Northani o£ LuRC again suggeated it for 
the water, vapor experiment, we considered several possible versions 
and finally adopted the one described here partly on the basis of 
optics available from University of Mtiryland laboratories. 

It is a long path ceil ("* 300 M) employing ~ 75 successive 
reflections frou: large spherical mirrors separated by about k meters. 

A 

The gas in the call is room air , and is enclosed by a light-tight 
wooden box which has been blackened inside with flat black and 
"black velvet" paint. 

In most of the work since carried out wUh the Maryland absorption 

cell, the 300 M pathlengtlt in room air has proved sufficient (optical 

depth - unity) for cnlibrnting Ildar operation on the ll^O lines near 

72A.3 nm. These lines are among the strongest in that band system, 

AA 

according to a separate Maryland study with the NASA-Ames Research 
Center, while n few linos have roughly 1,5 times the. strength of X 72A.371; 
therefore a variety of lines can be used In that spectral region, depending 
on humidity variations and patblength adjustments. Tn any case, the 

'H 

Other designs involving shorter paths through denser H 2 O vapor were 
given lower priority because they involved heated colls and the 
attendant problems of tempornturc non-uniformity, H 2 O condensation and 
the optical perturbation by strong air currents. 

kA 

T. Wilkerson, private comnumication 
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primary liuinltliLy ataiulartl if) a pgychromatar nuhi.su reinent of water 
vapor in the room air. On some occasions, lumicilty in the absorption 
ccXl has been observed to remain con.stant for diy.s, 

f 

The use of such a coll is based on detection of both the input 
and output beams, preferably under clrcuinstaneeH where the two signals 
are comparable in magnitude and can be well resolved In time for 
measurements of pulse amplitude or tlie integrated energy In a pulse. 

We accompliahed this by using two identical fjifjt photomultipliers which, 
together with their electrnnica , gave response times -- 3 ns. Because 
of the 300 M pathleiigth through the cell, there l.s a 1 psoc delay 
between the input and output signals - which themselvos are only 25 na 
in durntion. This enable.s one to use gated pulse measurements to great 
advantage, and to ascertain that no light l.s being detected from 
scattering off the optics partway through the long path system. 

Tlie PH tubes were RCA-^i8'32, wluine OaAs idiolC'cathodos give reasonably 
high quantum yields (7-10%) around 720 nmj response times of the tubes 
are 1.5-2 ns. We used AC-coupled, non inverting buffer amplifiers to 
couple tlie l*M outputs to coaxial cable.') leading to the lidar data acquisition 
system; this was done because we nneiclp.atcci the possibility of an electrically 
noisy environment, under circumstances where very long signal cables might 
be needed. The current gain of, the buffer amplifiers was about 10, and the 
overall system bandwidth about 250 MHz, The detector systems were tested 
at M.aryla?id with fast, yellow light jjulses from a dye laser pumped with 
the 6 ns output of a pulsed laser. In the LriUC' lidar system, the data 

* 

University of Maryland Coordinated laser Facility 



from the aboorpllon ceil PH tubes wen collected in l.eCroy j’.itod A/D 

t 

pulse Integrators having 8 + 1 bit digital ouLput.s. Gated detection 
was very important beenune of the noise signals from the flash lamps of 
the main ruby pump laser. In retrospect It w.as clear that the good time 
separation of the two absorption coll signals wuld have permitted the 
use of one rather than two PM detectors. 

This section closes with a description of the optical arrangement 
of the cell. Figure 6 shows a trial conf igurntlon of the main mirrors 
facing one another In vertical tripod mounts. These are 12.5" (31.75) cm) 
diameter Tinsley mirrors having focal lengths of 2.5 M. They were rccoatcd 
with gold, and overcoated with SIO, to obtain 95”' rerioctlvlty at 730 nm*, 
the signal loss at roflccLlons for osample Is aliout a factor of ten. 

The available space in ULdg. 1271 .IL LaRG made It more convenient 
to run tills cell with a meter mirror separation, than with the 5 meter 
separation that one might expect from tlic focal length. Moreover, we found 
in extensive tests at Maryland that a re-entrant or "perturbing mirror" 
system could be used to obtain from tlio /i meter configuration of this cell 
a sufficient number of passes for 300 ineLur total pathlongth. This was 
a conservative design based on a minimum size roquiroment for the insertion 
and perturbing mirrors, to allow for sice and position variations' of the dye 
laser beam spot. 

A 

Denton Vacuum, Cherry Hill, N. J. 

A A * 

D. R. Herrlott and H. J. Schulte, Appl. Optics 4, 883 (19fi5). 
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Figure 7 llluBLratou the absorption cell e«mCJ.guration ns finally 
ins tailed under the main laser table at LaJtC. A fraction of the dye loser 
output was brought down to tlie cell via a pellicle (see 3) and turning 

mirrors, (ind first attenuatod (as needed) by a choice of ND filter at 
the entrance to the box containing the multipass mirror geometry. The 
"input" channel for the cell is pt'ovldcd by i glass plate which' picks off 
*• 4% of the input, reflecting it into the detector PM(1), and pllows 
most of the light to continue into the long path system. The insertion 
mirror position and angle ilRtermine an elliptical configuration of spots 
on each mirror where the beam hits. The perturbing mirror is placed at 
one of these spots, so as to return the beam to the mirror system at a 
different angle relative to the optic axis. This generates yet another set 
of beam spots on the mirrors, a set which Is adjustable in locus and spacing 
independently from the first sot. TTie extraction mirror is placed at one of 
these spots, and reflects the beam into the detector TM(2). A choice of 
ND filter in front of PH(i) makes tliu input and output signals for the ceil 
as nearly comparable as is necessary to ensure tliat both PMs are operating 
at the same signal level, and the LeCroy integrators arc covering tlie same 
portion of the dynamic range of signal. 

The small mirrors throughout the system arc standard 1/8 wave, aluminized 
elliptical mirrors epoxied to 1" x l" NItC ndju.stnble mounts. In the final 
configuration adopted for the absorption cell, 75 passes were used; these 

were established by means of an alignment laser and adjusting the system 

« 

for 37 beam spots at each of the large mirrors. The 75th pass takes place 
in the beam passage from the extraction mirror to PM(2)- 
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Ao well as baiuji used I'outiiu'ly foe 1 1'lnr eaUbratlon , the eell ban 
been used for qunntltaClve setmo of 11,^0 line nlu'ipes licar 724,3 ntn. 

A 

This work was roported by E. Drowcll at the ELy.hth l.ldor Conference, 

♦ 

and has been described in uutnorous Internal NASA preneatations. 


*E. V. Urowell, M. L. Rrunifield, J. M. Slvlter, C. B, Northam, T. D. Wilkeroon 
and T. J. Mcllrnth, "Development and Evaluation of a Near-IR HgO Vapor 
DIAL System", Proc. Eislith Internatio nal C onference on Laser Radar , 

Drcvel Unlv., Philadelphia, PA. June 6-9, 1977 
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